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September 9, 1948 

Chief of Neva.'. Re search 
Havy Department 
Washington 25, D. C. 

Attention lieohanios and Materials Branoh 

De««r Sir I 

I am enclosing five oopi6o of the report eovering the 
work done during the month of July, 1948, on "Fundamental Studies 
of Ceramic Materials" • The .report has been distributed as 
indicated by the distribution list bound with the report. 

The research is continuing on the effeot of varying 
the oharaoter of the pore structure on the properties of several 
burned alumina bodies. The rupture values obtained on specimen* 
matured for 27 hours at 3100*F. did not Tary appreciably, fcr a 
particular addition of filament, with the change in either the 
diameter of the filament or the type of alumina employed. 

In the researoh on ilroon bodies, the modulus of 
rupture values did net vary widely with change in gvain sise of 
the raw material or with change in formiug method. 

Ws shall be pleased to have any oomments you or your 
associates or any person reoeiving these reports may oare to 
make with regard to the researoh. 

Sincerely, 

Howard C. Cross 

HCCilka 
Bno. (5) 
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SUMMARY 

In the study of the effeot of varying the character of the pore 

structure on the properties of alumina bodies, specimens were extruded 

from Norton Alundum 38SC0 and T-61 tabular alumina containing 2-l/2 or 

5$, by volume, of organic filaments, 0.004 or 0.008 inch in diametar. 

•then the specimens were matured for 27  hours at 3100'F., both the modulus 

of rupture and modulus of elasticity values for each alumina body 

decreased, as expected, with the progressive increase in porosity re- 

salting from the burning out of the different amounts of the filaments. 

The rupture values did not very appreciably, for a particular addition 

of filament, with the change in either the diameter of the filament or 

the type of alumina employed. The porosity was markedly higher and the 

modulus of elasticity lower for a spocific tabuii.: alumina structure 

than for the corresponding Norton Alundum &,<,  ~w*. 

\ 
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Preliminary fabrication studies were made in the work en zircon 

bodies in whioh the raw material was prepared in two different degree* 

of fineness and was formed by dust pressing, plastio extrusion, and slip 

casting. When the specimens were matured at 310Q*F.» the modulus of 

rupture values did not very widely with the ahange in grain else of the 

raw material nor with the change in forming method, although the bulk 

density values were higher and the apparent porosity was markedly lower 

for the specimens formed from the finer material, iacaminatioaa of the 

specimens and data indicated "overfiring" of the structure at this 

temperature of maturing. 

EXPERIMENTAL WORST 

(Data in Record Book No. 3658, page» 34 to 36, and Rbcord 
Book No. 38<X„ pages 29 to 86. Work conducted during 
the period from July 1 to July 51, 1948.) 

Alumina Bodies 

Effect of Pore-Character Variations 

^pKoi-in: were formed by plastic extrusion* from bodies of two 

aluminas, Norton Alundum 38900 and T-61 tabular alumina*'*, each containing 

*  The forming teohniqufc is deeoribsd in the Appendix. 

** The average grain sizes of these materials, as usually supplied, 
were approximately 5 and 22 microns, respectively. 
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aeparate additions of two sites of Nylon monof ilansmto.. The specimens 

were fired for 27 hours at 3100*F. The properties are given in Table 18 

cf the Appendix. 

As expected, both the modulus of rupture and modulus of elasticity 

values for each alumina body deoreaaed with the progressive increase in 

porosity resulting from th« burning out of tbs different amounts of the 

monofilaments. The rupture values did not vary appreciably, for a 

particular addition of monofilaments, with the ohange in either the 

diameter of monofilament or the type of alumina employed. The porosity 

was significantly higher and the modulus of elasticity value lower for 

a speoific T-61 tabular alumina structure than for the corresponding 

Norton Alundua structure. 

Although the fabrication techniques employed in this work were 

muoh improved over those reported last month*, the present investigation 

is still considered preliminary in nature. 

Zircon Bodies 

Preliminary fabrication and burning treatments were conducted to 

aid in selecting techniques for use in a detailed study of siroon bodies. 

The raw material employed was TAM Granular Zircon, wet-milled in cne- 

gallon mi11a of a tiroon-poroelai type for 12 and 48 hours. Specimens 
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irere formed by dust pressing, plastio extrusion, and by slip casting, 

and were matured for 3 hours at 3100*F.* The properties of the speoimens 

ere .given in Table 19 of the Appendix. 

The modulus of rupture values for these preliminary specimens, 

when matured at uhis temperature, did not vary widely with the change 

in grain sise of 'she raw material or with the change in method of forming. 

However, the linear shrinkage end bulk density were markedly higher for 

the specimens of the material whioh was milled for 46 hours than lor 

those of the material milled for 12 hours, and the apparent porosity 

values of the former specimens were very low. 

A oursory petrographio examination indicated significant 

dissociation cf the ziroon in these matured speoimans. Also, a compari- 

son of the apparent porosity values with the respective bulk density 

values indicatec a relatively high proportion of sealed pores. 

FOTUflS WORK 

Work will be continued on the investigation of the effeot oi 

varying the pore character on the properties of alumina specimens. 

»  The preparation of the bodies and the methods of forming wer«> 
essentially the same as were described for alumina bodies in 
the Appendix of the report dated March 16, 1948. The techniques 
cf firing were similar to those described for specimens of 
alumina in the Appendix of the report dated December 16, 1947. 
The details for these proosdui-es rill be given in a later report 
wren developed further for the zircon bodies. 
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Teohniques will on  devoloped for fabricating body structures having 

various amounts and shapes of pores* 

The study of zircon bodies will be continued in further investiga- 

tions of the preparation of a raw material in various grain sixes and with 

high. purity: An appropriate fabrication and maturing program will be 

developed for -she detailed study of this type of body. 

JFL»HZS»CRA/U• 
September 3,   1946 
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AFPENDIX 

Preparation and Forming of Alumina Bodiee 

The alumina and Nylon monofilaments of the batch were mixed 

together by hand and then wers placed in a muller-type, Lancaster mixer 

of laboratory else I a 8£ addition of Mogul gum was added continuously 

during the first few minutes of mixing. Mixing then was continued for 

an additional 15 minutes. A mixture consisting of a 10$ addition of 

water, a 6$ addition of glyoerin, and » 0.2$ addition of pheaol was 

prepared and added slowly to tho mixing dry batch. Additional water 

then was added, as necessary, to attain the proper extrusion consistency. 

The total water additions ranged from 10JS for the body of tabular alumina 

containing no Nylon monofilwaents to 18-1/2$ for the body of Norton 

Alundum containing the higher amount of monofi laments, 0.004 inoh in 

diameter. 

The plastioited bodies were extruded continuously through the 

steel orifice, S/lS" x. 5/l6,!, of a piston-type, extrusion apparatus. 

The cylinder of the apparatus was "deaired" to an absolute pressure of 

approximately 25 mlllliustsrs of moroury. 

BATTEU.E   MEMORIAL   INSTITUTE 



^ 

ta 

g 
1 
2 

B 

i 

a 

to 

tf 3  s 
to (V 

fc 8   «   4 

to 

0 

S>    Ss    c>    °    CM ^KP&»« ***** ***** 
«0       P>      e- 
<ri       r-i       ri X CM 

O      ">•     O     to • « • • 
O       f\       t-       H 

O $ 
c\     f\ CA 

t> 

NO        f-       -*      O       CM • • • • • 
d   PI  d  d   PI 

I    I CM 

«n     o «       • 
CM     >^ I      I      I 

tQ        ^       «> $       *f 
<M 

vO 

o 
H 8 

(?•> CM • • 
to o 
H CM 

CV 

CO 

(-1 
•sj- o « 

m     Ol 

CM        «> 
ii • 

CO      to 

CM        CM 
to     to 

i   I CM       « 

»C\      C> • • 
CM        >A I I I 

O 
SB 

aSt 
3 3 c 

sop 
3   «&  N> 

IX aJ 

Is- 
o © a> 
9      C 
P«H-t     9 n c 5 
» © c 

0  13 

O   <D   d 
•H -P > 
•p 
o  © 
© X!    • 
H +> a) 
v«       >H 
oca 

•o o a 

If s 

I *8 '3. 

»)   05   h 

1 



I3. 
I 
VI 

1 
I o 
CU fc 

«« £ 

• 
o 
u ' "V. • 
M 

.S* 

9 !* 
«-p 

V* 

-90- 

a 
O -H 

•P 

"8 * 

°8 as 
£i «S3 

to 
to 

en 

» 

<8e"S 
•H •»-]  49 

•a       OH 

lial 

3 eo 

<> 
.-4 

C 

C«A 
8 • ft 

m 

9 

-p ^-i     ••#» m     •*•)•* 

II 
*3 Sj  .jS" 

•« Or-! a » © 
< h ** 9 

a CV 

o 

en 

Q 

W 

I 

o 
U  9 
P   & 
%H ta 

"8* 
Hi ft 
85 

5. *» 

»r» o 
«£ 

-^> w o 
S g£ 
Q>    u 

Q. ta 

S o 
SB 



"I^W^SiSJ'jM.-1     "'-!—'   .'•i:."ll----'8.'-':.. =.-,«_.—:--rt-,-:t-_ ------ -•_ -. •;.\=-T—^,S*"-T'"^V3S>SS^ 

• 

I 

i 

is 

Armed Services Technical Information flg 
Because of our limited supply, you are requested to return this copy WHEN IT HAS SERVED 
YOUR PURPOSE so that it may be made available to other requesters.   Your cooperation 
will be appreciated. 

3 

NOTICET  WHkH GOVERNMENT OR OTHER DRAWINGS. SPECIFICATIONS OR OTHER DATA 
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED 
GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS 
NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE 
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE 
SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY 
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER 
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE, 
USE OR SELL ANY PATENTED INVENTION TEJBBM^Y IN ANY WAY BE RELATED THERETO. 

Reproduce?   by 

DOCUMENT SERVICE CENTER 
KNOTT BUILDING, DAYTON, 2, OHIO 

2~,«*5    •.-.--r-r--. :^v-; 


	0001
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018

